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0 An electrical grounding connector, electrical 
grounding connector assembly, and a method of 
attaching an electrical grounding connector and 
electrical grounding connector assembly to an 
electrically conductive panel is disclosed. The 
grounding connector assembly includes a grounding 
stud connector having a body portion disposed be- 
tween, and integrally joining, a stud portion and a 
riveting portion. The body portion Includes a flange 
extending generally radially from the body portion 
and the flange includes a panel engaging surface 
and a lug engaging surface. A protective nut is 
adapted to engage In substantially cover the stud 
portion of the grounding stud connector thereby 
protecting the stud portion from contaminants. 
Barbed elements are disclosed on various surfaces 
of the grounding connector thereby giving the 
grounding connector excellent electrically conductive 
properties when it is assembled to an electrically 
conductive panel. In a preferred embodiment, the 
grounding connector is preassembled with the pro- 
tective nut, thereby allowing the assembly to be 



installed on an electrically conductive panel in one 
step. While the grounding connector and connector 
assembly Is particularly suited for self -piercing 
applications, it may be used equally well In prepier- 
ced applications. 
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TECHNICAL HELP 

The present Invention generally relates to fas - 
teners and more particularly relates to riveting 
fasteners, including studs, bolts, nuts or the like, 5 
including methods of attaching such fasteners to an 
electrically conductive panel, wherein the fastener 
primarily functions as an electrical grounding con - 
nection to the electrically conductive panel. 

70 

RELATED APPLICATIONS 

This application relates to a further develop - 
ment of the subject matter of U.S. Patent Applica - 
tion Serial No. 491.925, filed March 12, 1990, now i$ 

U.S. Patent No. , which application is 

a divisional application of U.S. Patent Application 
Serial No. 196,209 filed May 19. 1988, now U.S. 
Patent No. 4.915,558. which application is a di- 
visional application of Serial No. 892,017. filed Au- 20 
gust 1. 1986, now U.S. Patent No. 4.765.057. which 
application is a divisional application of Serial No. 
773,387. filed September 6. 1985. now U.S. Patent 
No. 4,633.560. which application is a divisional 
application of Serial No. 563.833. filed December 25 
21. 1983. now U.S. Patent No. 4.555.838. which 
application is a continuation-in-part application of 
Serial No. 485.099. filed March 28. 1983, now U.S. 
Patent No. 4.459.073 and Serial No. 504,074. filed 
June 14, 1983, now U.S. Patent No. 4,543.701. 30 
which applications are. respectively, divisional and 
continuation applications of Serial No. 229.274. 
filed January 28, 1981, now abandoned, which 
claims priority to an application filed February 2, 
1980 in the Federal Republic of Genr^any, Serial as 
No. 3003908. 

BACKQROUND OF THE INVENTION 

U.S. Patent No. 3.299.500 and 3.314.138. dis - 40 
close self -piercing female elements, including 
nuts, which may be simultaneously clinched to 
secure the nut in a panel opening. Additionally, 
U.S. Patent Nos. 3,938.239 and 4,018,257 disclose 
self -riveting nuts, including nuts having an annular 45 
skirt or banrel portion wherein the free end of the 
barrel portion is deformed radially outwardly in a 
die member to form a mechanical interiock with a 
panel. However, the self -riveting nuts disclosed in 
the above referenced patents are secured to the so 
panel having a pre -pierced panel opening. This 
has the disadvantage of requiring two separate 
operations, the first operation Involves creating the 
panel opening, and a second operation Involves 
installing the female fastener. Additionally, such 55 
methods also require very precise centering of the 
nut relative to the pre -pierced panel opening, 
wherein a spring biased pin is received through the 
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panel opening and the nut is centered on the pin 
prior to Installation. U.S. Patent No. 3,926,236 dis - 
closes a method of attaching a nut to a panel 
wherein the panel is pierced by a punch which 
extends through the nut bore to pierce and secure 
the nut to a panel in continuous operation, how- 
ever, the fastener is not a riveting -type fastener 
which has a barrel portion extending through the 
pierced panel opening. 

U.S. Patent No. 3,800,401 discloses methods 
of attaching closures to a container such as a tag 
ring in a continuous operation. This application and 
the above -referenced related patents and ap- 
plications disclose methods and apparatus for at- 
taching male and female elements to a panel in a 
continuous operation. The prefened methods of 
installation do not require pre -piercing of the. 
panel, although the fastener is equally suited for 
installing in a pre -pierced panel opening. 

U.S. Patent Nos. 4,1 93.333 and 3.871 ,264 dis - ( 
close means of attaching a stud -like fastener, 
wherein the stud includes an annular end portion 
which penetrates a plate or structural steel mem - 
bar, which may be deformed radially around a plug 
pierced from the panel. 

U.S. Patent Nos. 1.976,019: 2.456.118; 
2,521.505; 3.436.803; 3.754.731; 4.039.099: and 
4,092.773 disclose various riveting techniques, 
wherein the fastener includes an annular end por- 
tion which may be press -fitted through an qpen- 
ing In a panel. The annular end portion lis then 
riveted or radially outwardly deformed by a die 
member having an annular semi - toroidal die 
cavity and may include a projecting central die 
portion which is received in the annular riveting end 
of the fastener. 

Although the above -referenced patents do 
disclose self -riveting male and female fasteners, 
and methods of installing same, they do not dis - ( 
close a riveting stud type fastener which is suited 
for making a reliable electrical grounding connec - 
tion to a metal panel or the like. For example, U.S. 
Patent Nos. 4.193,333 and 3.871,264 which dis- 
ctose methods of attaching stud fasteners to a 
panel, primarily teach a methodology for providing 
superior mechanical Interiock between the stud 
fastener and the panel and do not address the 
issue of the electrical integrity of the connection. It 
is well known that a fastener can provide excellent 
mechanical bonding to a panel while providing 
unacceptable electrical conductivity to the same 
panel. For example, various coatings could be 
present on an electrically conductive panel which, 
although not interfering with the mechanical inter- 
lock between the stud fastener and the panel, may 
partially, or entirely impede the flow of electrical 
current through the fastener and panel interface. 
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Accordingly, it is the primary object of tills 
invention to provide a stud type fastener whicli is 
adapted to be attached to an electrically conductive 
panel wherein the fastener provides both superior 
mechanical connection to the panel while also 
providing excellent electrical conductivity across 
the fastener/panel interface. Further, the fastener 
and method herein disclosed are particularly suited 
for mass production applications, particularly 
automotive applications utilizing automatic presses. 
The fastener of the present invention can be used 
in a panel having a pre -pierced opening, but is 
not limited to pre -pierced applications inasmuch 
as the present fastener Is adapted to pierce the 
panel during the installation process. 

SUMMARY OF THE INVENTION 

In light of the foregoing, the present invention 
provides an electrical grounding connector for at- 
tachment to an electrically conductive panel. The 
electrical grounding connector Is of the type having 
a body portion disposed between, and integrally 
joining, a stud portion and a riveting portion, 
wherein the riveting portion may be a piercing and 
riveting portion and wherein the body portion in - 
eludes a flange portion extending generally radially 
from the body portion, ttie flange portion including 
a panel engaging surface and a lug engaging sur- 
face. The electrical grounding connector includes a 
first barb disposed on at least one of tiie riveting 
portion and the panel engaging surface of the 
flange portion for conducting electrical current be - 
tween the electrical grounding connector and the 
conductive panel when the electrical grounding 
connector is joined to the electrically conductive 
panel. A second bari^ is disposed on at least one of 
tiie stud portion and the lug engaging surface of 
tiie flange portion for conducting electrical current 
between tiie electrical grounding connector and a 
conductive lug when tiie conductive lug is joined to 
the electrical grounding connector. The barbs act 
to penetrate any non- conductive material dis- 
posed on the electrically conductive panel or the 
lug such as paint or other coatings tiiereby pro- 
viding electrical continuity between tiie lug and the 
electrically conductive panel via the electrical 
grounding connector. 

Preferably, tiie riveting portion of the electrical 
grounding connector includes an annular wall for 
defining a socket witiiin the riveting portion and 
also the annular wall is preferably adapted to 
pierce the electrically conductive panel. The an- 
nular wall of the electrical grounding connector is 
preferably continuous and is adapted to pierce a 
slug from the electrically conductive pjanel. Pref- 
erably the first barb extends between, and is in - 
tegral with, the riveting portion and the panel en - 



gaging surface of the flange portion of the electrical 
grounding connector. Preferably the second barb 
extends t)etween, and Is Integral witii, the stud 
portion and the lug engaging surface of the flange 

5 portion. 

In a preferred embodiment, the second barb 
includes a projection having a generally polyhedron 
form and the flange portion of the electrical 
grounding connector preferably includes an outer 

TO surface having a generally cylindrical contour. 

In an alternative emtx)diment, the present in - 
vention includes an electrical grounding connector 
assembly for attachment to an electrically con- 
ductive pane), tiie electrical grounding connector 

75 assembly of the type having a portion disposed 
between, and integrally joining, a stud portion and 
a riveting portion, the body portion including a 
flange portion extending generally perpendicular 
from the body portion, the flange having a panel 

20 engaging surface and a lug engaging surface. The 
electrical grounding connector assembly includes 
t)art>ed means, disposed on at least one of tiie 
riveting portion and the panel engaging surface of 
the flange portion, for conducting electrical current 

25 between the electiicai grounding connector as- 
sembly and the conductive panel when the elec- 
trical grounding connector Is joined to the elec- 
trically conductive panel. Also, the electrical 
grounding connector assembly includes a cap 

30 adapted to cooperatively engage and substantially 
cover the stud, and also adapted to cover the lug 
engaging surface of the flange thereby protecting 
the stud portion and tiie lug engaging surface of 
tiie flange from contaminants. 

35 Preferably, tiie riveting portion of tiie electrical 
grounding connector assembly includes an annular 
wall defining a socket within tiie riveting portion 
wherein the annular wall Is adapted to pierce tiie 
electrically conductive panel. The annular wall of 

40 the electrical grounding connector assembly is 
preferably continuous and is adapted to pierce a 
slug from the electrically conductive panel. The 
bari^ed portion preferably extends between, and is 
integral with, the riveting portion and the panel 

45 engaging surface of the flange portion. The flange 
portion of the electrical grounding connector as- 
sembly preferably includes an outer surface having 
a generally cylindrical contour. 

The lug engaging surface of tiie flange of tiie 

50 electrical grounding connector assembly preferably 
includes a portion proximate the stud wherein tiie 
portion of the stud proximate the stud is raised 
relative to a portion of tiie flange distal the stud. 
The portion of the flange distal the stud preferably 

55 includes a plunger engaging surface for engaging a 
plunger which is adapted to drive the connector 
assembly into the electrically conductive panel. 
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in one embodiment of the electrical grounding 
connector assembly, the panel engaging surface of 
the flange includes a plurality of spaced pockets. 
Other embodiments of the electrical grounding 
connector assembly include a flange portion which 
has a generally polygonal outer surface. Still other 
embodiments include a generally polygonal flange 
portion which has depressions (or channels) 
superimposed thereon and the depressions are 
preferably arcuate. Other embodiments include a 
flange portion having a general polygonal contour 
which has arcuate raised surfaces superimposed 
thereon. Yet, in another embodiment, the flange 
portion of the electrical grounding connector as- 
sembly includes an outer surface having a gen- 
erally hypocycloid contour. Preferably, the hypo- 
cycloid outer contour includes eight cusps. 

In a preferred embodiment of the electrical 
grounding connector assembly, the cap is made 
from a metal and includes a load bearing flange 
having first and second opposed load bearing sur- 
faces. The first toad bearing surface is adapted to 
engage the lug engaging surface of the flange 
portion of the grounding stud connector and the 
second load bearing surface is adapted to engage 
a plunger which is adapted to drive the grounding 
connector assembly into the electrically conductive 
panel. In an alternative embodiment the metal cap 
includes first and second load bearing, opposing 
ends, wherein the first load bearing end Is adapted 
to engage the lug engaging surface of the flange 
portion of the grounding connector and the second 
load bearing end is adapted to engage a plunger 
for driving the connector assembly into the con - 
ductive panel. 

Still, in another aspect, the electrical grounding 
connector assembly of the present invention in- 
cludes a male fastener fastened to a plastically 
deformable panel member and a female element 
which engages the male fastener. The male fas- 
tener Includes a body portion disposed between, 
and integrally joining, a stud portion and a riveting 
portion, the body portion includes a flange ex- 
tending generally radially outward from the body 
portion, the flange includes a panel engaging sur- 
face and a lug engaging surface, the riveting por- 
tion temninating In a radially deformed lip, the male 
fastener also. including first barbed elements dis- 
posed on at least one of the panel engaging sur- 
face of the flange and the riveting portion for con - 
ducting electrical current between the male fas- 
tener and the electrically conductive member. The 
plastically deformable, electrically conductive panel 
member Includes an opening Intimately surround- 
ing the riveting portion of the male fastener. The 
male fastener is entrapped within the panel open - 
ing between the radially deformed lip and the ra- 
dially extending flange wherein the first barbed 



element is In continuous electrical contact with the 
electrically conductive panel thereby fonming an 
electrically conductive path between the electrically 
conductive panel and the male fastener. The fe- 

5 male element Includes a body portion having an 
axial bore therein, the axial bore being adapted to 
engage the stud portion of the male fastener, 
wherein the female element is adapted to cover the 
stud portion of the male fastener and also cover 

10 the lug engaging surface of the flange thereby 
protecting the stud portion and the lug engaging 
surface of the flange from contaminants. 

The radially defomned lip of the riveting portion 
is preferably deformed outwardly and comprises a 

1$ generally U-shaped channel which opens gen- 
erally toward the flange portion of the male fas- 
tener. The panel member preferably includes a 
generally planar portion distal the panel opening 
and a deformed panel portion proximate the panel 

20 opening, the deformed panel portion being dis- 
placed form the planar portion, the deformed panel 
portion thereby engaging the first tiarbed element 
and providing a path for electric current between 
the panel member and the male fastener. Prefer - 

25 ably, the riveting portion Includes an annular wall 
which defines a socket within the riveting portion 
and the annular wall is preferably adapted to pierce 
the electrically conductive panel member. The an- 
nular wall is preferably continuous and is adapted 

30 to pierce a slug from the electrically conductive 
panel. The first barbed means preferably extends 
between, and is integral with, the riveting portion 
and the penal engaging surface of the flange por- 
tion. The flange portion Includes an outer surface 

35 having a generally cylindrical contour. 

In a preferred embodiment, the lug engaging 
surface of the flange includes a portion of the 
flange proximate the stud wherein the portion of 
the flange proximate the stud is raised relative to 

40 the portion of the flange distal the stud. The flange 
portion distal the stud preferably includes a plunger 
engaging surface for engaging a plunger which is 
adapted to drive the connector assembly into the 
electrically conductive panel. Preferably, the panel 

45 engaging surface of the flange Includes a plurality 
of spaced pockets. 

Preferably, a second barbed element is dis- 
posed on at least one of the stud portion and the 
lug engaging surface of the flange portion, for 

50 conducting electrical current between the male 
fastener element and a conductive lug when the 
conductive lug Is forced against the second barbed 
element by the female element. The female ele - 
ment is preferably metal and. In one preferred 

55 embodiment includes a load bearing flange having 
a first and second opposed load bearing surfaces, 
the first load bearing surface being adapted to 
engage the lug engaging surface of the flange 
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portion of the grounding stud connector and tlie 
second load bearing surface being adapted to en - 
gage a plunger, wherein the piunger is adapted to 
drive the grounding connector assembly into the 
electrically conductive panel. In the second pre- 5 
fen-ed embodiment, the metal female element In- 
cludes first and second load bearing, opposing 
ends, the first load bearing end adapted to engage 
the lug engaging surface of the flange portion of 
the ground connector and the second load bearing io 
end adapted to engage a plunger wherein the 
plunger Is adapted to drive the connector assembly 
into the conductive panel. 

The present invention also contemplates a 
method of attaching an electrical grounding con - is 
nector assembly to an electrically conductive pan - 
el, the electrical grounding connector assembly of 
the type having a grounding stud connector and a 
displaceabte cap, the grounding stud connector 
having a body portion disposed between, and in- 20 
tegrally joining, a stud portion and a riveting por- 
tion, the body portion Including a flange portion 
extending generally radially from the body portion, 
the flange having a panel engaging surface and a 
lug engaging surface, the electrical grounding 25 
connector assembly Including barbed elements 
disposed on at least one of the riveting portion and 
the panel engaging surface of the flange portion, 
for conducting electrical cun^ent between the elec - 
trical grounding connector assembly and the con - 30 
ductive panel when the electrical grounding con- 
nector is joined to the electrically conductive panel, 
the displaceable cap being adapted to cooperat- 
ively engage and substantially cover the stud por- 
tion and also adapted to cover the lug engaging 35 
surface of the flange thereby protecting the stud 
portion and the lug engaging surface of the flange 
from contaminants. The method comprising the 
steps of: (a) placing the riveting portion of the 
electrical grounding connector assembly adjacent 40 
the electrically conductive panel; (b) passing the 
riveting portion through the panel thereby causing 
the barbed elements to contact the panel providing 
a path for electrical current between the electrical 
grounding connector assembly and the panel; (c) 45 
radially deforming the riveting portion of the 
grounding stud connector thereby mechanically 
bonding the electrical grounding connector as- 
sembly to the panel; (d) displacing the cap from 
the lug engaging surface; and (e) securing an so 
electrically conductive lug against the lug engaging 
surface of the flange. Preferably the step (b) of the 
method includes simultaneously using the riveting 
portion of the grounding stud connector for piercing 
a slug from the panel. Step (c) of the method 55 
preferably Includes deforming the panel riveting 
portion of the grounding stud connector Into a U - 
shaped channel, the channel opening generally 



toward the flange of the grounding stud connector 
wherein the panel substantially fills the U-shaped 
opening in interlocking engagement therewith. Step 
(b) of the method can be performed by exerting a 
force against the flange portion of the grounding 
stud connector and can also be performed by 
exerting a force against the cap. Preferably, step 
(e) is performed by moving the displaced cap 
toward the lug engaging surface of the flange. 

The connector and connector assembly of the 
present invention Is particularly suited for transfer 
from a hopper or otiier source to an installation 
device. The connector and a connector assembly 
may be arrayed within the installation device by 
automatic means that stacks and aligns the con - 
nectors readying them for installation. 

It will be understood by those skilled In the art 
that the terms used herein to generally describe 
the connector (such as female and male connec - 
tors) are used only as short -hand labels and tiie 
actual geometry of the connectors may take on a 
multiplicity of forms. As used herein, "connector** 
or "fastener" refers not only to the function of the 
connector or fastener to attach one member to a 
panel, but also the means of attaching the fastener 
or connector to the panel. 

Other advantages and meritorious features will 
be more fully understood from the following de- 
scription of tiie preferred embodiments of ihe 
grounding connector, grounding connector as- 
semblies and method of installing same, the ap - 
pended claims and the drawings, a brief descrip - 
tion of which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an isometric view of a first em - 
bodlment of tiie electrical grounding stud of tiie 
present invention. 

Figure 2 is a partial cross sectional view of tiie 
electrical grounding stud of figure 1 and a typical 
installation apparatus. 

Frgure 3 Is a partial cross sectional side view of 
the electrical grounding stud of Figure 1 shown 
installed in an electrically conductive panel. 

Figure 4 Is a partial cross sectional top view of 
the first embodiment of the electrical grounding 
stud of the present invention taken substantially 
along lines 4-4 of Rgure 2. 

Rgure 5 is a cross sectional bottom view of tiie 
first embodiment of the electrical grounding stud of 
the present Invention taken substantially along lines 
5-5 of Figures. 

Rgure 6 Is a partial cross sectional view of the 
first embodiment of the electrical grounding stud 
assembly of the present invention shown installed 
in a panel the assembly including a grounding lug 
and a first emfc)odiment of a protective lug nut of 



5 



9 



EP0S40 030 A2 



10 



the present invention. 

Figure 7 Is a side view of the first embodiment 
of the electrical grounding stud of the present 
invention shown installed in a panel with a 
grounding lug and a second embodiment of the 
protective lug nut of the present invention. 

Rgure 8 is an isometric view of a second 
embodiment of an electrical grounding stud of the 
present invention and a third emlx>diment of the 
protective iug nut of the present invention. 

Rgure 9 is a top view of the second embodi - 
ment of the electrical grounding stud of the present 
invention taken substantially along lines 9-9 of 
Rgure 8. 

Rgure 10 is a partial cross sectional side view 
of the second embodiment of the electrical 
grounding stud of the present invention taken 
substantially along lines 10 - 10 of Rgure 9. 

Rgure 11 is a partial cross sectional view of a 
typical installation apparatus used to install the 
second ennbodiment of the electrical grounding 
stud of the present Invention into an electrically 
conductive panel. 

Rgure 12 is a cross sectional bottom view of 
the second embodiment of the electrical grounding 
stud of the present invention and the Installation 
plunger of a typical installation apparatus taken 
substantially along lines 12*12 of Rgure 11. 

Rgure 13 Is a partial cross sectional view of 
the second embodiment of the electrical grounding 
stud of the present invention Installed in an elec- 
trically conductive panel. 

Rgure 14 is an isometric top view of the sec- 
ond embodiment of the electrical grounding stud of 
the present Invention installed in an electrically 
conductive panel. 

Rgure 15 is an isometric view of a third em- 
bodiment of tiie electrical grounding stud of the 
present invention. 

Rgure 16 is a partial cross sectional side view 
of the third embodiment of the electrical grounding 
stud of the present invention shown in Rgure 15. 

Rgure 17 is a bottom view of the third em- 
bodiment of the electrical grounding stud of tiie 
present invention. 

Rgure 18 is a bottom view of a fourth em- 
bodiment of an electrical grounding stud of tiie 
present invention. 

Rgure 19 is a fifth embodiment of an electrical 
grounding stud of tiie present Invention. 

Rgure 20 is a partial cross sectional side view 
of a sbcth embodiment of the electrical grounding 
stud of the present invention shown assembled to a 
third embodiment of a protective nut 

Rgure 21 is a partial cross sectional side view 
of tiie electrical grounding stud of Rgure 20 as- 
sembled to a fourtii embodiment of a protective nut 
of tiie present invention. 



Rgure 22 Is a partially sectioned side view of a 
further embodiment of an electrical grounding 

connector, 

Rgure 23 is a longitudinal section through the 
5 electi^ical grounding connector of Figure 22 after 
assembly with a panel member and before with - 
drawal of tiie press tool, 

Rgure 24 is a detail Y corresponding to the 
circled portion Y of Figure 22, 
70 Rgure 25 is a detail Z corresponding to tiie 
circled portion Z of Rgure 22 and 

Rgure 26 is a plan view of the electrical 
grounding connector of Figure 22 as seen in tiie 
direction of the arrow XXVI. 

16 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The electrical grounding connector and 

20 grounding connector assembly of the present in - 
vention is particularly adapted for permanent at- 
tachment to a panel or plate, particularly a metal 
sheet or the like, such as utilized in the automotive 
and appliance industries. The disclosed electrical 

25 grounding connector and assembly is particularly 
well suited for installation by way of conventional 
press apparatus typical of that utilized in the auto - 
motive industry. The mettiod of the present inven - 
tion is also well suited for application by way of a 

30 conventional press. In such applications, tiier press 
installs one or more connector assemblies with 
each stroke wherein the connector assemblies be - 
come a permanent part of tiie panel and are uti - 
lized to affix other members such as brackets or 

35 the like to tiie panel. Furttier, ttie electrical 
grounding connector of the present Invention is 
particularly suited for attachment to relatively thin 
sheets or panels, such as utilized by the appliance 
industries. Accordingly, as used herein, "panel" 

40 refers to any plate, panel, or metal sheet having 
sufficientiy high electrical conductivity to be con- 
sidered an effective electrical conductor and a 
thickness sufficiently thin for practical application of 
the riveting portion of tiie grounding connector. 

45 Now refen^ing to Rgure 1. in a first embodi- 
ment, tiie electrical grounding stud (or connector) 
30 of tiie present invention includes body portion 
32 disposed between, and Integrally joining, stud 
portion 34 and riveting portion 36. Body portbn 32 

50 includes flange 38 which extends generally radially 
from body portion 32 and Includes panel engaging 
surface 40 and lug engaging surface 42. 

Now refen^lng to Figures 1 and 2, first barbed 
elements 44 are disposed on at least panel en- 

55 gaging surface 40 or riveting portion 36 of 
grounding stud 30 and preferably first barbed ele - 
ments 44 are integral to, and spanned between, 
panel engaging surface 40 and riveting portion 36. 
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Second barbed elements 46 are disposed on at 
least stud portion 34 or iug engaging surface 42 
and are preferably integral with and span between 
stud portion 34 and lug engaging surface 42. 

As disclosed in U.S. Patent Nos. 4,831.698; 
4,555,838; and 4,610.072 (hereinafter '698. '838 
and '072 respectively), disclosures of which are 
herein incorporated by reference, electrical 
grounding stud 30 is adapted to be riveted to 
plastically deformable electrically conductive panel 
48. As disclosed in the '838 patent, riveting portion 
36 of grounding stud 30 preferably includes an- 
nular wall 50 defining socket 52 within riveting 
portion 38. As disclosed in the '838 patent, plunger 
54 is adapted to cooperate with die member 56 to 
drive riveting portion 36 of grounding stud 30 
through electrically conductive panel 48 thereby 
deforming riveting portion 36 radially outward for- 
ming a secure mechanical interlock between stud 
30 and conductive panel 48. 

Now referring to Figures 1-3. as plunger 54 
drives riveting portion 36 of grounding stud 30 into 
electrically conductive panel 48. first barbed ele- 
ments 44 eventually contact, and are driven into, 
and penetrate, the surface of panel 48. If grounding 
stud 30 is fashioned without first barbed elements 
44 (such as is the stud disclosed in the '838 
patent) any non- conductive substance dispose 
between grounding stud 30 and panel 48 increases 
the electrical resistance between grounding stud 30 
and panel 48 thereby undersirably affecting the 
grounding capacity of grounding stud 30 and panel 
48. In automotive applications, it is common for 
paints, rust preventative coatings, oils, and other 
non -electrically conductive (or poor electrically 
conductive) substances to be deposited (either in - 
tentionally or unintentionally) on surfaces of a panel 
48 which Is to have a grounding stud 30 affixed to 
it Because of these materials which reside, or 
inevitably find their way between grounding stud 30 
and panel 48. the fastener set out in the '838 
patent (which does not utilize first grounding 
barbed elements 44) was not effective as an elec - 
trical grounding stud (notwithstanding the highly 
effective mechanical bond between grounding stud 
30 and panel 48). By adding first barbed elements 
44 to grounding stud 30. any electrically non- 
conductive residue disposed between grounding 
stud 30 and panel 48 is penetrated through, and 
displaced, by first t^arbed elements 44 during the 
Installation process as first barbed elements 44 
penetrate the surface of electrically conductive 
panel 48, This penetrating engagement between 
barbed elements 44 and panel 48 creates an ex- 
cellent bridge for electrical cun-ent between the two 
mating materials. In prototypes of the present in - 
vention, it has been demonstrated that when 
grounding stud 30 of the present invention is in - 



stalled on panels which are coated with electrically 
non -conductive substances such as paint, rust 
preventative coatings and the like, excellent results 
are achieved and grounding stud 30 forms an ex - 

5 cellent current path to panel 48. 

In an application, as shown in Rgure 3. an 
electrically conductive grounding lug 58 is con- 
nected to an electrical wire 60 which is to be 
grounded to panel 48. Grounding stud 30 of the 

10 present invention, once fastened to electrically 
conductive panel 48, provides a simple and In- 
expensive way of grounding lug 58. If lug 58 is in 
the form of a "eye" lug, the aperture 60 of lug 58 
is passed over stud portion 34 of grounding stud 

16 30 and pressed against lug engaging surface 42 by 
a nut (nut not shown in Figure 3) or other similar 
means. By exerting sufficient force upon lug 58, 
second barbed elements 46 cut into lug 58 thereby 
displacing any electrically non -conductive con- 

20 taminants which may reside therebetween ensuring 
a high integrity electrical connection between lug 
58 and grounding stud 30. 

As those skilled in the art will readily recog- 
nlEe. the presence of first and second barbed ele- 

25 ments 44, 46 respectively, provide a means of 
securing an electrical grounding iug 58 to a panel 
48 in a way which provides an electrical grounding 
connection of high integrity. Thus, the lug of the 
present invention overcomes the problems of the 

30 prior art lugs which serve as superior mechanical 
connectors to panel 48, but do not provide the 
electrical resistance characteristics needed for 
grounding applications. 

Now referring to Figures 1-5. although first 

35 and second barbed elements 44. 46 respectively 
may be fashioned Into any number of geometries, 
excellent results have been achieved using poly- 
hedron type geometries as seen in Rgures 1 
through Figures 5. It will be understood by those 

40 skilled in the art. that a primary concern in achiev- 
ing good electrical conductivity between iug 58 and 
grounding stud 30. and grounding stud 30 and 
panel 48 is primarily a function of the ability of first 
and second barbed elements 44, 46 to "bite into" 

45 and penetrate the surface of lug 58 and panel 48. 
Thus, in order to achieve the lowest possible 
electrical resistance between interfacing surfaces, 
the material composition of lug 58 and panel 48 will 
have a direct bearing on the preferred geometry 

50 and hardness of first and second barbed elements 
44, 46. 

As disclosed in the aforementioned patents, 
riveting portion 36 of grounding stud 30 can be 
used in panels 48 having prepierced openings. 
65 Although this may be desirable in some Installa- 
tions, riveting portion 36 is also suited to pierce 
panel 48 during installation thereby creating its own 
panel openings. During this piercing operation, slug 
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62 Is severed from panel 48 and can be either 
discarded through die opening 64 of die member 
56 or, in the alternative, can be permanently staked 
within socket 52. Various techniques for staking 
slug 62 within socket 52 are disclosed in U.S. 
Patent Serial No. 07/728,469 which is hereby In - 
corporated by reference. 

Now referring to Rgures 6 and 7, although 
many different styles of nuts 66, 68 may be used 
to secure grounding lug 58 to grounding stud 30, 
the prefenred nut includes one open end and one 
closed end (closed end indicated at 70). The open 
end functions to provide a passage way for stud 
portion 34 of grounding stud 30 to gain entrance 
into nuts 66, 68 and closed end 70 prevents paint 
undercoating or the like from contacting the 
threads of stud portion 34 or various electrically 
conductive surfaces of grounding stud 30. Ac- 
cordingly, nuts 66, 68 prevent paint, undercoating 
or the like from hampering the electrical integrity 
between lug 58 and stud 30. Nut 66 differs from 
that of nut 68 in that nut 66 has a polygonal outer 
surface along the lower half of its structure while 
nut 68 has a polygonal surface along the upper half 
of its structure. Depending upon the particular ap - 
plication, type of installation tools used, and the 
like, one disclosed embodiment may be desirable 
over the other. However, each nut 66, 68 functions 
identically to force lug 58 against second barbed 
elements 46 thereby forming an electrical connec- 
tion therebetween of high integrity and, also, func - 
tions to keep contaminants and other undesirable 
substances from contacting stud portion 34 or lug 
58. Although only one lug is disclosed in Rgures 6 
and 7, it is to be understood by those skilled in the 
art that multiple lugs may be electrically accom - 
modated by a single grounding stud 30 where such 
a requirement is desirable. 

Now referring to Rgures 8- 10, a second em - 
bodiment of the grounding connector of the present 
invention includes an electrical grounding connec - 
tor assembly 72. The assembly 72 includes a 
second embodiment of electrical grounding stud 30 
(second embodiment indicated at reference nu- 
meral 74) and protective cap 76. The primary dif - 
ference between electrical grounding connector 
assembly 72 and that disclosed in conjunction with 
Rgures 1 - 6, is that the assembly 72 is adapted to 
be installed, as an assembly. Into a panel In a 
single installation operation. This will be further 
described In reference to Rgures 8-14. 

Now referring to Rgures 8-10, electrical 
grounding stud 74 Includes body portion 32, stud 
portion 34, and riveting portion 36. As disclosed in 
conjunction with grounding stud 30, body portion 
32 Is disposed between, and integrally joins, stud 
portion 34 and riveting portion 36. Body portion 32 
includes flange 38 which extends generally radially 



from body portion 32. Range 38 includes panel 
engaging surface 40 and lug engaging surface 42. 
Panel engaging surface 40 of flange 38 Includes 
first barbed elements 44 and pockets 78. Barbed 

5 elements 44 generally rise above panel engaging 
surface 40 while pockets 74 generally reside below 
panel engaging surface 40. While first barbed ele - 
ments 44 function identically to that disclosed In 
the first embodiment of electrical grounding stud 

70 30 (as discussed In conjunction with Rgures 1 - 
7), they also provide, in conjunction with pockets 
78, superior anti - rotation resistance upon fasten - 
ing grounding stud 74 to a panel. The superior 
anti -rotation resistance is largely due to the fact 

75 that the combination of elevated barbs 44 and 
depressed pockets 78 accommodate under -hit 
and over -hit conditions which are typically asso- 
ciated with fastener installations techniques which 
use presses. As understood by those skilled in the 

20 art, it is impossible to control the precise stroke 
upon that a press platen will travel during the 
course of installing grounding stud 74 in panel 48. 
Because of this unpredictability, some grounding 
studs 74 will be forced into a mating panel deeper 

25 than preferred (this is commonly known as, an 
over -hit condition) and alternatively, in some in- 
stances, grounding stud 74 will not be driven Into 
the mating panel to the extent that it should be 
(this is commonly temned as an under -hit con- 

30 dition). Grounding stud 74 of the present invention 
is particularly well suited to accommodate under - 
hit and over -hit conditions in that in the event of 
an over -hit condition, panel metal is driven into 
pockets 78 thereby giving stud 74 excellent torque 

35 resistance while also providing simitar panel pen - 
etration features associated with first barbed ele- 
ments 44 (as disclosed in conjunction with Rgures 
1-7) thereby allowing stud 74 to function ade- 
quately as an electrical grounding stud. On the 

40 Other hand, when ground stud 74 experiences an 
under -hit condition upon installation (while pock- 
ets 78 may experience little to no panel metal 
contact) raised barii^ed elements 44 will penetrate 
into the mating panel surface thereby providing 

45 torque resistance and an excellent conductivity in - 
terface. 

As discussed in conjunction with the grounding 
stud disclosed in Rgures 1 - 7, first barbed ele - 
ments 44 preferably extend across panel engaging 

50 surface 40 and integrally join annular wall 50 of 
riveting portion 36. When first bari^ed elements 44 
are fashioned In such a manner, cutting edge 80 Is 
formed at the Intersection of panel engaging sur- 
face 40 and riveting portion 36 providing a cutting 

55 edge which scores the surface of the mating panel 
during installation of fastener 74 providing excellent 
electrical conductivity between stud 74 and the 
electrically conductive panel which stud 74 is fas- 
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tened to. 

Lug engaging surface 42 includes surface 82 
which Is proximate stud portion 34 and surface 84 
which is distal stud portion 34. Surface 82 is raised 
relative to surface 64 thereby creating step surface 
86. 

Protective cap 76 is adapted to positively en - 
gage stud portion 34 and surface 62 of lug en- 
gaging surface 42. Cap 76 is fashioned similar to 
nuts 66, 68 in that it has only one open end (which 
accepts stud portion 34). End 70 Is closed thereby 
preventing paint, coatings, and the like from con - 
tacting stud portion 34 or surface 82. As will be 
discussed In conjunction with Rgures 11-14. cap 
76 is preferably fastened to stud portion 34 of 
grounding stud 74 prior to installing assembly 72 In 
an electrically conductive panel. By installing as- 
sembly 72 as a single unit into an electrically 
conductive panel, the pane! can be painted, or 
otherwise coated before or after installing assembly 
72. without adversely effecting the grounding 
characteristics of grounding stud 74. If assembly 
72 is installed on an electrically conductive panel 
after the panel Is painted or otherwise coated, 
barbed elements 44 and pocket 78 will act. as has 
already been described, to penetrate any coatings 
on panel 48 to provide an ample grounding path 
between stud 74 and panel 48. If assembly 72 Is 
subjected to paint or other contaminants once It is 
Installed in an electrically conductive panel, pro- 
tective cap 76 will prevent stud portion 34 or sur- 
face 82 from being contacted by any contaminants. 
When it is appropriate to attach a grounding lug to 
stud portion 34. protective cap 76 Is simply re- 
moved and discarded and a lug is placed around 
stud portion 34 (as has already been described) 
and secured thereto by a nut or other suitable 
means, in view of the at)Ove, it is easily under- 
stood, that the second embodiment of the ground - 
Ing connector of the present invention is well suited 
for achieving good electrical conductivity between 
Itself and a mating panel while also providing ex- 
cellent torque resistance regardless of under -hit 
or over-hit installation conditions. 

Now referring to Rgures 11-14, in the pre- 
fenred method of installing assembly 72, assembly 
72 Is placed adjacent panel 48 (see Rgure 11) 
such that riveting portion 36 of electrical grounding 
stud 34 is proximate panel 48. As discussed in 
conjunction with Rgure 2, plunger 54 is attached to 
the platen of a press or the like which is adapted to 
develop sufficient force to pierce panel 48 with 
riveting portion 36 of electrical grounding stud 74. 
Surface 84 of flange 38 acts as a plunger engaging 
surface enabling the downward forces exerted by 
plunger 54 against electrical grounding stud 74 to 
be directly transferred to grounding stud 74 (and 
do not pass through cap 76). It would be Imprac- 



tical to transmit the downward force of plunger 54 
through cap 76 Inasmuch as the preferred materl - 
als for cap 76 are plastic and the like. Although 
plastic or the like is the preferred material (because 

5 protective cap 76 is typically discarded at the time 
an electrically conductive lug is placed on stud 
portion 34), any other inexpensive, readily remov - 
able, substitute may be used such as rubber, var- 
ious coatings, and the like. 

10 As seen in Rgure 13, cutting edge 80 forms an 
excellent electrical interface between electrical 
grounding stud 74 and electrically conductive panel 
48 while the combination of barbed elements 44 
and pocket 78 form excellent anti - rotation means 

16 accommodating both over -hit and under -hit 
conditions. As previously explained in conjunction 
with Rgure 3, electrical grounding stud 74 is suited 
for use both in prepierced panel applications and 
non - prepierced panel application. When electrical 

20 grounding stud 74 is used in non - prepierced 
panel applications, slug 62. which is severed from 
panel 48 during installation, can either be dis- 
carded or permanently staked within socket 52. 
Now referring to Rgures 15-19, although 

25 many different geometries may be used to ac- 
complish superior electrical interface between 
electrical grounding stud 74 and an electrically 
conductive panel, the specific location and geom - 
etry of cutting surfaces disposed on electrical 

30 ground stud 74 are believed to be important. For 
example, in the alternative embodiments of elec- 
trical grounding stud 74 set out in Rgures 15-17, 
flange 38 is generally polygonal (see Rgure 17) 
having arcuate, coved splines 88 superimposed 

35 thereon. Splines 88 intersect panel engaging sur- 
face 40 and lug engaging surface 42 thereby cre- 
ating vertices 90 which form excellent cutting ge- 
ometries to penetrate panel 48 thereby creating 
excellent electrical conductivity from electrical 

40 grounding stud 74 to mating panel 48. Other em - 
bodiments of flange 38 include designing flange 38 
with an outer surface resembling that of a hypo - 
cycloid preferably having eight cusps 92 (see Rg- 
ure 18). In the embodiment of grounding stud 74 

45 set out in Rgure 18, cusps 92 function similariy to 
that of vertices 90. 

Still, in an alternative embodiment, Rgure 19 
shows flange 38 being generally poloygonal having 
a plurality of arcuate raised surfaces 94 superim - 

50 posed thereon. It is fully contemplated that geom - 
etrles other than those shown In Rgures 3. 9. and 
15-19 are also suitable for providing excellent 
electrical conductivity between assemblies using 
electrical grounding stud 74 and mating panel 48. 

55 Now referring to Rgure 20. in a preferred em - 

bodiment, protective nut 96 also functions as a 
means for translating the downward force of 
plunger 54 to the electrical grounding stud during 
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the installation process. As can be seen from Rg- 
ure 20, unlli^e the embodiment of nut 76 set out in 
Figure 8. if nut 96 is comprised of metal or the like, 
It can be designed with sufficient strength to with - 
stand the downward force exerted against it by 
plunger 54 during the installation process. By de- 
signing nut 96 from metal, or other similar materl - 
als, several advantages are gained. Firstly, the ra- 
dius of flange 38 can be reduced (over that dis- 
closed in conjunction with the embodiment of 
electrical grounding stud shown in Rgures 8- 
14). This is possible because plunger engaging 
surface 84 is not needed and therefore can be 
eliminated. This, of course, results directly In a cost 
saving due to reduced materials and also results In 
a weight reduction per unit electrical grounding 
stud. As can be seen from Figure 20, plunger 54 
acts directly against external surface 71 of closed 
end 70 of nut 96. The force is translated through 
nut 96 causing electrical grounding stud 74 to 
pierce through panel 48 in the manner which has 
already been discussed. In order to ensure positive 
engagement between plunger 54 and external 
surface 71, plunger 54 Is designed having gap 100. 

In an alternative approach, plunger 54 is 
adapted to bear upon engaging surface 84 of nut 
96 thereby transfening a downward force against 
electrical grounding stud 74 through lug engaging 
surface 42. In order to ensure positive contact 
between plunger 54 and engaging surface 84. 
plunger 54 is designed having gap 100. 

In addition to the reduction in weight and cost 
associated with eliminating plunger engaging sur- 
face 84 from flange 38, an additional benefit Is 
realized when nut 96 Is constructed from metal. 
This additional benefit arises because nut 96 can, 
in addition to providing the protective function 
which has already been discussed in conjunction 
with protective cap 76, be used as the means for 
securing an electrical grounding lug to lug engag - 
ing surface 42 of electrical grounding stud 74. For 
example, once electrical grounding stud 74 Is fas- 
tened to electrically conductive panel 48, metal nut 
96 Is unthreaded, at least partially, (or otherwise 
removed) from stud portion 34 and an electrical 
grounding lug is placed against lug engaging sur- 
face 42 of electrical grounding stud 74. Then, metal 
nut 96 is drawn against the electrical lug such that 
a secure electrical contact is made between the 
grounding lug and lug engaging surface 42. This 
approach has the obvious advantage over con- 
structing the nut from plastic in that the plastic nuts 
are simply disposed of after they provide their 
protective function and must be replaced by a 
metal nut to perform the function of securing a 
grounding lug to the electrical grounding stud. In a 
high production setting, the discarded plastic nuts 
must be collected and disposed of in an orderiy 



fashion In order to eliminate potential safety 
hazards and other problems associated with Im- 
properiy discarded nuts. The metal nut disclosed in 
Rgures 20 and 21 eliminates this problem Inas- 

5 much as the metal nut services to both protect stud 
portion 34 from contaminants while also serving the 
utilitarian function of securing an electrical 
grounding lug against lug engaging surface 42 of 
electrical grounding stud 74. 

10 Figs. 22 to 26 show further views of an alter- 
native form of an electrical grounding connector 
which is a preferred embodiment and which is 
provided with a preferably metallic nut member 
forming a cap 76 which is used not only to posi - 

76 tively engage and protect the stud portion from 
paint, underseal or other such compounds but also 
to fit the piercing and riveting stud member 30 to a 
panel member 48 In a manner similar to that de - 
scribed above with reference to Rgs. 20 and 21, 

20 but with certain detail differences In the method as 
will be later described in more detail. In principle 
the grounding stud 30 of Rg. 22 resembles closely 
the grounding stud of Rg. 8 and it is provided with 
the same barbs 44 and pockets 78 at its panel 

25 engaging surface 40. 

The flange 32 also has an end face 42 adjacent 
the stud portion 34 but in this embodiment the end 
face is a simple flat radial surface, i.e. it does not 
have tiie raised portion 82 of tiie stud of Rg. 8. 

30 The other detailed difference of the stud member 
30 of Fig. 22 which is worthy of mention is tfie 
reduced diameter end portion 110 which merges 
via a conical surface 112 into the body of the stud 
portion. In the completed device this reduced di - 

35 ameter end portion 110 allows an electrical con- 
nection lug to be readily fitted over the end of tiie 
stud, and can also facilitate handling of the stud 
member and the assembly during manufacture. 
The female nut member 76 forming the cap is 

40 of a special design, arising in part from the method 
of fitting which will now be outilned before consid- 
ering the detail of the female nut memt^r. 

As can be seen from Rgs. 22 and 23, and also 
partly from Fig. 26, tiie end portion 110 of the 

45 grounding stud 30 projects upwardly through the 
female nut member 76 and tiie assembly com- 
prising the grounding stud and the nut member is 
fitted into a panel by means of a plunger 54. The 
plunger 54 has a wori<ing surface 130 which en- 

50 gages the annular end face 71 of the female nut 
member 76 and presses the opposite end face 114 
thereof against tiie flange end face 42 to drive the 
piercing and riveting portion 36 of the grounding 
stud 30 through the panel 48 into the semltoroldal 

65 die cavity 1 1 6 of die member or die insert 56. 

It will be noted tiiat after the fitting of the 
grounded connector assembly to the panel 48 the 
lower face 118 of the plunger 54 is spaced from 



10 



19 



EP0 540 030 A2 



20 



the surface of the panel by a distance x (Fig. 23) 
which also corresponds to the distance between 
the end face 42 of the grounding stud 30 and the 
top surface of the panel. In this way the plunger 54 
Is prevented from contacting the top surface of the 
panel 48 itself and from damaging the same - 
even if the panel Is pre -painted. Moreover, the 
surface 42 of the flange of the stud member stands 
proud of the top surface of the panel and ensures 
that after loosening or removal of the female nut 
member 76 the electrical connecting lug fitted un - 
der the nut and over the stud electrically contacts 
the grounding stud rather than the panel (where 
only a faulty contact might arise) and also does not 
damage any paint applied to the panel. 

Several details of the female nut member are 
worthy of particular mention. 

The grounding connector assembly shown here 
is in particular distinguished from the grounding 
connector assembly which have been previously 
illustrated and disclosed In that the screwed on 
female nut element 76 is open upwardly (as al- 
ready mentioned), i.e. so that the shaft of the screw 
portion of the stud projects out of the screwed on 
nut element. In addition the nut element 76 Is 
provided with a clamping portion 120 in the form, 
in this embodiment, of a generally cylindrical collar 
which has at least one and preferably a plurality of 
equally angularly disposed radial recesses 122 
which have been mechanically deformed inwardly 
to grip slightly on the threaded portion of the stud. 
This has the particular advantage that the assembly 
can be put together at the time of manufacture so 
that the surface 114 contacts the surface 42 and so 
that this relative position Is not lost in subsequent 
transport and handling. There is also no danger of 
the nut becoming separated from the grounding 
stud and being lost, which would be inconvenient 
and could cause damage in an automatic handling 
system, or in the press. 

Moreover, it will be noted from the detail Y of 
Fig. 24 that the end face 42 of the flange 32 is 
essentially a radial surface perpendicular to the 
longitudinal axis of the grounding stud, whereas the 
end face 114 of the female nut member 76 con- 
fronting the end face 42 Is a very shallow cone 
surface which converges radially inwardly and up - 
wardiy and thus results in an annular line contact 
between the surface 114 and the surface 42 at the 
position indicated by the reference numeral 124 in 
Rg. 24. This contact at this position ensures that 
paint, underseal etc. Is reliably kept away from the 
surface 42 so that it cannot impair electrical 
grounding at this position. That is to say a sealing 
occurs between the shoulder of the stud member 
and the circular ring surface of the nut due to the 
circular line contact between the shoulder edge of 
the stud member and the end surface of the nut 



member. Good seal Is ensured by the high surface 
pressure caused by the tightening torque with 
which the two elements are screwed together and it 
is this that guarantees the paint seal contact. 

5 The detail Z of Fig. 25 shows the end face 71 

of the nut memlDer on which the working surface 
130 of the plunger 54 acts during the piercing and 
riveting procedure. In addition Fig. 25 shows the 
clearance 126 which takes the form of a narrow air 

10 gap and which is expediently provided between the 
outer diameter of the threaded shaft of the stud 
member 30 and the upper part 127 of the nut 
element 76 which can be regarded as a sleeve 
portion of the nut. The threaded porfion 128 of the 

76 female nut member 76 is restricted to a few com - 
plete turns of the thread and these thread turns 
engage threaded stud portion 34 of the grounding 
stud 30 at a portion intermediate the sleeve portion 

127 and the end face 114. The reason for this Is to 
20 ensure that the force which acts on the female nut 

member during the piercing and riveting oper- 
ations, and which is transfen^ed to the nut member 
via the end face 71, does not lead to extensive 
contact between the female nut member and the 

25 stud. Without the air gap the insertion force which 
exerts a generalty compressive action on the nut 
element could lead to impermissible clamping ef- 
fects between the nut and the thread of the stud 
which would hinder the later release of the nut 

30 element necessary for the fitting of the electrical 
connection lug. Indeed substantial deformation or 
clamping action could result in destruction of the 
thread element during removal of the nut. 

The gap 126 is in any case dimensioned to be 

35 sufficiently small so that it provides a sufficient 
protection for the threaded portion 34 of the 
grounding stud 30, and so that excessive quantities 
of paint or undersea! are unlikely to penetrate into 
the gap 126. In any case the preassembled nut will 

40 tend to remove such depositions, if any. on being 
unscrewed to permit fitment of the electrical con - 
nection lug. Thus the nut exerts a type of cleaning 
action on the thread above It. The actual threads 

128 themselves prevent any paint or underseal 
45 reaching the electrical contact surface 42 of the 

flange 32 of the grounding stud 30. Such deposi - 
tions will not affect the electrical conductivity and 
could indeed assist the self -locking action of the 
nut on retlghtening the same. A slight intentional 

50 thread deformation produced during filling of the 
grounding assembly would be used to produce the 
same effect, or to supplement the locking at the 
collar portion 120. 

Rnally, it will be noted that the sleeve portion 

56 127 of the female nut member 76 is preferably 
formed as a hexagonal driving member so that the 
nut is tightened and released by way of torque 
applied to this hexagonal portion. The spacing of 
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this portion above the collar portion has the par- 
ticular advantage that thick electrical cables at- 
tached by a lug to the grounding stud do not 
hinder the application of a driving loot to the hex- 
agonal portion. s 

Having described the preferred embodiment of 
the grounding connector, grounding connector as - 
sembly, and the preferred methods of attaching the 
grounding connector and grounding connector as- 
sembly to an electrically conductive panel, it wilt be io 
understood that various modifications or additions 
may be made to the prefenrod ombodimonts cho - 
sen here to illustrate the present invention, without 
departing from the spirit of the present invention. 
For example, the relative dimensions of the is 
grounding connectors and associated nuts herein 
disclosed will depend largely upon the particular 
application at hand and the selected panel thic- 
knesses. As has been herein described, the 
grounding connector and grounding connector as - 20 
sembly is particularly suited for attachment to 
electrically conductive panels such as utilized for 
body and structural components in the automotive 
and appliance industries. As will be understood by 
those skilled in the art. the connector assembly of 2S 
the present invention is preferably formed of plas- 
tically defdrmable metal, preferably steel, which 
may be heat treated for surface hardness, ductility, 
and other desirable features. A suitable material for 
the fasteners herein disclosed Is medium carbon 30 
steel suitable for cold forming, including SAE 1022, 
1023. and 1030 steels. Excellent results have b&en 
achieved with steels in the range of SAE 1020 
through SAE 1040. Reference also may be made 
to the earlier cited patents for further information 35 
regarding suitable installation, apparatus, self- 
ptercing and riveting fasteners and methods of 
installing same. Accordingly, it is typically under- 
stood that the subject matter sought to be afforded 
protection hereby shall be deemed to extend to the 40 
subject matter defined In the appended claims, 
including all fair equivalents thereof. 

Claims 

1. An electrical grounding connector for attach- 
ment to an electrically conductive panel, said 
electrical grounding connector of the type 
having a body portion disposed between, and 
integrally joining, a stud portion and a riveting 
portion, wherein said riveting portion may be a 
piercing and riveting portion and wherein said 
body portion includes a flange portion ex- 
tending generally radially from said body por- 
tion, said flange portion having a panel en- 
gaging surface and a lug engaging surface, 
said electrical grounding connector comprising: 
first barbed means, disposed on at least one of 



said riveting portion and said panel engaging 
surface of said flange portion, for conducting 
electrical current between said electrical 
grounding connector and said conductive 
panel when said electrical grounding connector 
is forced against said electrically conductive 
panel; and 

second barbed means, disposed on at least 
one of said stud portion and said lug engaging 
surface of said flange portion, for conducting 
electrical current between said electrical 
grounding connector and a conductive lug 
when said conductive lug is forced against said 
electrical grounding connector. 

2. The electrical grounding connector of claim 1 
wherein said riveting portion includes an an- 
nular wall defining a socket within said riveting 
portion, being optionally adapted to pierce said 
electrically conductive panel, and preferably 
being continuous and adapted to pierce a slug 
from said electrically conductive panel. 

3. The electrical grounding connector of claim 1 
or claim 2, wherein said first barbed means 
extends between, and is integral with, said 
riveting portion and said panel engaging sur- 
face of said flange portion. 

4. The electrical grounding connector of any one 
of the preceding claims, wherein said second 
barbed means extends between, and is in- 
tegral with, said stud portion and said lug en- 
gaging surface of said flange portion, and 
wherein said barbed means preferably in- 
cludes a projection having a generally poly- 
hedron form. 

5. The electrical grounding connector of any one 
of the preceding claims, wherein said flange 
portion includes an outer surface having a 
generally cylindrical contour. 



6. An electncal grounding connector assembly for 
45 attachment to an electrically conductive panel, 
said electrical grounding connector assembly 
of the type having a grounding stud connector 
haying a body portion disposed between, and 
integrally joining, a stud portion and a riveting 
50 portion, wherein said riveting portion may be a 
piercing and riveting portion and wherein said 
body portion Includes a flange portion ex- 
tending generally radially from said body por- 
tion, said flange having a panel engaging sur- 
55 face and a lug engaging surface, said electrical 
grounding connector assembly comprising: 
barbed means, disposed on at least one of 
said riveting portion and said panel engaging 
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surface of said flange portion, for conducting 
electrical current between said electrical 
grounding connector assembly and said con - 
ductlve panel when said electrical grounding 
connector is joined to said electrically con- 
ductive panel; and 

a cap adapted to cooperativeiy engage and 
substantially cover said stud portion of said 
grounding stud connector and also adapted to 
cover said lug engaging surface of said flange 
thereby protecting said stud portion and said 
lug engaging surface of said flange from con - 
taminants. 

7. The electrical grounding connector assembly 
of claim 6, wherein said riveting portion in- 
cludes ah annular wall defining a socket within 
said riveting portion, being optionally adapted 
to pierce said electrically conductive panel, 
and preferably being continuous and adapted 
to pierce a slug from said electrically conduc - 
tive panel. 

8. The electrical grounding connector assembly 
of claim 6 or claim 7, wherein said barbed 
means extends between, and is integral with, 
said riveting portion and said panel engaging 
surface of said flange portion. 

9. The electrical grounding connector assembly 
of one of claims 6, 7 or 8, wherein said flange 
portion includes an outer surface having a 
generally cylindrical contour. 

10. The electrical grounding connector assembly 
of any one of claims 6 to 9, wherein said lug 
engaging surface of said flange includes a 
portion of said flange proximate said stud and 
wherein said portion of said flange proximate 
said stud is raised relative to a portion of said 
flange distal said stud, said portion of said 
flange distal said stud preferably including a 
plunger engaging surface for engaging a 
plunger which is adapted to drive said con- 
nector assembly into said electrically conduc - 
tive panel, and said panel engaging surface of 
said flange preferably including a plurality of 
spaced pockets. 

11. The electrical grounding connector assembly 
of any one of claims 6 to 10, wherein said 
flange portion Includes an outer surface having 
a generally polygonal contour, In particular a 
generally polygonal contour having depres- 
sions superimposed thereon, said depressions 
in particular being generally arcuate, or said 
generally polygonal contour has arcuate raised 
surfaces superimposed thereon. 



12. The electrical grounding connector assembly 
of claim 6. wherein said flange portion Includes 
an outer surface having a generally hypo- 
cycloid outer contour, said hypocycloid outer 

5 surface preferably having eight cusps. 

13. The electrical grounding connector assembly 
of any one of the preceding claims 6 to 12, 
wherein said cap is metal. 

10 

14. The electrical grounding connector assembly 
of claim 13, wherein said metal cap includes a 
load bearing flange having first and secc^d 
opposed load bearing surfaces, said first load 

16 bearing surface being adapted to engage said 
lug engaging surface of said flange portion of 
said grounding stud connector and said sec - 
ond load bearing surface being adapted to 
engage a plunger, said plunger being adapted 

20 to drive said grounding connector assembly 
into said electrically conductive panel, and/or 
wherein said metal cap Includes first and sec- 
ond load bearing, opposing ends, said first 
load bearing end being adapted to engage 

25 said lug engaging surface of said flange por- 
tion of said grounding connector, and said 
second load bearing end being adapted to 
engage a plunger, said plunger being adapted 
to drive said connector assembly into said 

30 conductive panel. 

15. An electrical grounding connector assembly 
assembled to an electrically conductive mem- 
ber comprising: 

35 a male fastener having a body portk>n 

disposed between, and integrally joining, a 
stud portion and a riveting portion, said body 
portion including a flange extending generally 
radially outwardly from said body portion, said 

40 flange having a panel engaging surface and a 
lug engaging surface, said riveting portion 
terminating in a radially deformed lip, said 
male fastener including first barbed nneans, 
disposed on at least one of said panel engag - 

45 ing surface of said flange and said riveting 
portion, for conducting electrical current be- 
tween said male fastener and said electrically 
conductive member, 

a plastically deformabte, electrically con- 

50 ductive panel member including an opening 
Intimately sunrounding said riveting portion of 
said male fastener, said male fastener en- 
trapped within said panel opening between 
said radially deformed lip and said radially 

55 extending flange, wherein said first bart^ed 
means Is in continuous electrical contact with 
said electrically conductive panel thereby for- 
ming an electrically conductive path between 

13 
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said electrically conductive panel and said 
male fastener, and 

a female element having a body portion 
having an axial bore therein, said axial bore 
adapted to engage said stud portion of said 
male fastener, wherein said female element is 
adapted to cover said stud portion of said male 
fastener and also cover said lug engaging 
surface of said flange thereby protecting said 
stud portion and said tug engaging surface of 
' said flange from contaminants. 

16. The electrical grounding connector assembly 
of claim 15, wherein said radially deformed lip 
is deformed outwardly and comprises a gen - 
erally U-shaped channel which opens gen- 
erally toward said flange portion of said male 
fastener. 

17. The electrical grounding connector assembly 
of claim 15. wherein said panel member in- 
cludes a generally planar portion distal said 
panel opening and a deformed panel portion 
proximate said panel opening, said deformed 
panel portion being displaced from said planar 
portion, said deformed panel portion thereby 
engaging said first barbed means and provid - 
ing a path for electric current between said 
panel member and said male fastener. 

18. The electrical grounding connector assembly 
of any one of said preceding claims 15 to 17, 
wherein said riveting portion includes an an- 
nular wall defining a socket within said riveting 
portion, being optionally sdapted to pierce said 
electrically conductive panel member, and 
preferably being continuous and is adapted to 
pierce a slug from said electrically conductive 
panel. 

19. The electrical grounding connector assembly 
of any one of claims 15 to 18, wherein said 
first barbed means extends between, and Is 
integral with, said riveting portion and said 
panel engaging surface of said flange portion, 
wherein said flange portion preferably includes 
an outer surface having a generally cylindrical 
contour, wherein said lug engaging surface of 
said flange optionally includes a portion of said 
flange proximate said stud and wherein said 
portion of said flange proximate said stud is 
preferably raised relative to a portion of said 
flange distal said stud, said portion of said 
flange distal said stud optionally including a 
plunger engaging surface for engaging a 
plunger which is adapted to drive said con - 
nector assembly into said electrically conduc - 
five panel. 



20. The electrical grounding connector assembly 
of any one of claims 15 to 19, wherein said 
panel engaging surface of said flange includes 
a plurality of spaced pocl^ets, and said as- 

5 sembly optionally further includes second 

barbed means disposed on at least one of said 
stud portion and said lug engaging surface of 
said flange portion, for conducting electrical 
cun^ent between said male fastener element 

10 and a conductive lug when said conductive lug 
is forced against said second barbed means 
by said female element, said female element 
being preferably of metal and preferably in- 
cluding a load bearing flange having first and 

16 second opposed load bearing surfaces, said 
first load bearing surface being adapted to 
engage said lug engaging surface of said 
flange portion of said grounding stud connector 
and said second load bearing surface being 

20 adapted to engage a plunger, said plunger 
being adapted to drive said grounding con- 
nector assembly into said electrically conduc- 
tive panel, and/or wherein said metal female 
element includes first and second load bear- 

25 ing. opposing ends, said first load bearing end 
being adapted to engage said lug engaging 
surface of said flange portion of said grounding 
connector, and said second load bearing end 
being adapted to engage a plunger, said 

30 plunger being adapted to drive said connector 
assembly into said conductive panel. 

21. An electrical grounding connector or connector 
assembly, optionally assembled with an elec- 

35 trically conductive panel member and com- 
prising a female nut member engaging or en - 
gageable over said stud portion, said female 
nut member having an end face contactable 
with an end face of said flange opposite to said 

40 panel engaging face, a thread portion extend - 
ing over a restricted number of thread turns 
(e.g. typically in the range from 2 to 10 and 
preferably about 5 thread turns, said thread 
portion engaging with corresponding threads of 

45 said stud portion, and a further sleeve portion 
extending over at least a part of the still pref- 
erably threaded length of said stud member 
but spaced therefrom. 

50 22. An electrical grounding connector or connector 
assembly, optionally assembled with an elec- 
trically conductive panel member, in accor- 
dance with claim 21. characterised in that a 
portion of said female nut member is de- 

55 , formed, preferably radially deformed, into 
frictional contact with said stud portion, said 
deformed portion preferably comprising said 
threaded portion of said female nut member. 
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23. An electrical grounding connector or connector 
assembly, optionally assembled with an elec - 
trically conductive panel member, in accor- 
dance witfi either one of claims 21 or 22, 
wherein said end face of said female nut s 
member and/or said flange end face is slightly 
conical, said end face of said female nut 
member and said flange end face contacting 

one another over an annular line contact pref - 
erably over an annular line contact adjacent a io 
radially outer surface of said female nut 
member and/or of said flange. 

24. An electrical grounding connector or connector 
assembly, optionally assembled with an elec- fs 
trically conductive panel member, in accor- 
dance with any one of the preceding claims 21 

to 23. wherein said female nut member has a 
polygonal driving section and a generally cy- 
lindrical collar portion, said collar portion being 20 
preferably located at the level of said thread 
portion and optionally being deformed to grip 
at said thread portion and said polygonal 
preferably hexagonal section being coincident 
at least in part with said sleeve portion. 25 

25. A method of attaching an electrical grounding 
connector assembly to an electrically conduc - 
tive panel, said electrical grounding connector 
assembly of the. type having a grounding stud 00 
connector and a displaceable cap, said 
grounding stud connector having body portion 
disposed between, and Integrally joining, a 
stud portion and a riveting portion, said body 
portion including a flange portion extending ss 
generally radially from said body portion, said 
flange having a panel engaging surface and a 

lug engaging surface, said electrical grounding 
connector assembly including barbed elements 
disposed on at least one of said riveting per- 4o 
tion and said panel engaging surface of said 
flange portion for conducting electrical cun-ent 
between said electrical grounding connector 
assembly and said conductive panel when said 
electrical grounding connector is joined to said 45 
electrically conductive panel, said displaceable 
cap being adapted to cooperatively engage 
and substantially cover said stud portion and 
also adapted to cover said lug engaging sur- 
face of said flange thereby protecting said stud so 
portion and said lug engaging surface of said 
flange from contaminants, said method com - 
prising the steps of: 

(a) placing said riveting portion of said 
electrical grounding connector assembly 55 
adjacent said electrically conductive panel; 

(b) passing said riveting portion through 
said panel thereby causing said barbed 
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elements to contact said panel providing a 
path for electrical current between said 
electrical grounding connector assembly 
and said panel; 

(c) radially deforming said riveting portion of 
said grounding stud connector thereby 
mechanically bonding said electrical 
grounding connector assembly to said 
panel; 

(d) displacing said cap from said lug en- 
gaging surface; and 

(e) securing an electrically conducting lug 
against said lug engaging surface of said 
flange. 

26. The method of claim 25. wherein step (b) 
simultaneously includes using said riveting 
portion of said grounding stud connector for 
piercing a slug from said panel, said step (b) 
being optionally performed by exerting a force 
against the flange portion of the grounding 
stud connector or by exerting a force against 
said cap, wherein step (c) preferably includes 
deforming said panel riveting portion of said 
grounding stud connector into a U-shaped 
channel, said channel opening generally to- 
ward said flange of said grounding stud con- 
nector and said panel substantially fills said 
U-shaped opening in interloclting engage- 
ment therewith, and wherein step (e) is pref- 
erably performed by moving said dis|3laced 
cap towards said lug engaging surface of said 
flange. 
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® Electrical grounding stud. 



0 An electrical grounding connector, electrical 
grounding connector assembly, and a method of 
attaching an electrical grounding connector and elec- 
trical grounding connector assembly to an electri- 
cally conductive panel is disclosed. The grounding 
connector assembly Includes a grounding stud con- 
nector having a body portion disposed between, and 
integrally joining, a stud portion and a riveting por- 
tion. The body portion Includes a flange extending 
generally radially from the body portion and the 
O flange includes a panel engaging surface and a lug 
^ engaging surface. A protective nut is adapted to 
Q engage in substantially cover the stud portion of the 
<*> grounding stud connector thereby protecting the 
O stud portion from contaminants. Barbed elements 
Q are disclosed on various surfaces of the grounding 
^ connector thereby giving the grounding connector 
W excellent electrically conductive properties when It is 
O assembled to an electrically conductive panel. In a 
^ pretended embodiment, the grounding connector is 
^ preassembied with the protective nut, thereby allow- 
ing the assembly to be installed on an electrically 
conductive panel in one step. While the grounding 



connector and connector assembly Is particularly 
suited for self-piercing applications, It may i^e used 
equally well in preplerced applications. 

fFig-l 




Rank Xerox (UK) Business Services 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AnUcMloaNnBbcf 

EP 92 11 8625 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categmy 



CilatiM of docanent aMi indfeaii«B. wbere appropriate, 
•rrdevaati 



Rdrvaat 
lodaiai 



CLASSmCAIION OP THE 

ikPPUoinoNaat.a9 



D.Y 
A 

Y 



Y 
A 



GB-A-2 068 493 (PROFIL 
VERBINOUNGSTECHNIK GMBH & CO. KG.) 

* page 1 - page 3, line 122; figures 
1-6 * 

DE-U-8 225 078 (KL6CKNER M6LLER 
ELEKTRIZITaTS GMBH) 

* page 3 - page 6; figures 1-5 * 

FR-E- 1 618 (M. WILIAM ROWUND 
EDWARDS) 

* the whole document * 

US-A-3 922 050 (LETTINI ET AL.) 

* column 1 - column 12, line 8; figures 
1-8 * 

«aMW 

EP-A-0 166 929 (ESGE-MARBY GMBH & CO. 
KG.) 

* page 8 - page 17; figures 1-4 * 

DE-A-3 133 638 (RICHARD BERGNER GMBH & 
CO.) 

* page 3 - page 13; figures 1-8 * 



The present search report has been drawn op For all daims 



1.2,15- 
18,25, 
26 
6.7 



1.2 



6,15-18 
.25.26 



6 

1,2,5,9 



1,3,15. 
25 



1.4,6. 
15 



H 


01 


R 


4/64 


H 


01 


R 


4/26 


F 


16 6 


37/06 


H 


01 


R 


4/06 


H 


01 


R 


4/30 



TECHNICAL FIELDS 
SEARCHED 081.05) 



F 16 B 
H 01 R 



PlMeef iMKk 

THE HAGUE 



DsIC of BOBpictlM of ttaf 

29-09-1993 



TAPPEINER R 



CATEGORY OF OJEB DOCUMENTS 

X : paitlcularty rdovut If taken alone 

Y : particular^ rdevaat K cemblDCd wHb another 

docttment of tbe saroe category 
A : teefaooloslcal backgiound 
O : Ron^writtcB disdosvre 
P : Ifitemediate document 



T : theory or priodple onderlying the Inmtloa 
£ : earlier patent document, b« pnbUshed on, or 

after the filing dMe 
D : document dted In the application 
L : documeni died for other reasons 

A : member of tbe sane patent family, coirespondlog 



European Patent 
Office 



CLAIMS INCURRING FEES 



The presont Europftan patent •ppUcatlon eomprlaed at the time of fHlne more than ten claims. 

All eialma fees have been paid wllhin the preserltMd time Omit The present European search report has been 

drawn up for an claims. 

Only part of the claims fees have been paid within the prescribed time limit The present European search 
report has been drawn up for the first ten datms and for those claims for which dalms fees have been paid. 

namely claims: 

No claims fees hove been paid wrtthin the prescribed time limit The present European search report has been 
drawn up for the first ten claims. 



□ 
□ 



LACK OP UNITY OF INVENTION 

The Search Ohrislon considers that the present European patent application does not comply wHh the requirement of unity of 

invention and relatss to several Inventions or groups of Inventions, 

namely: 



see sheet -B- 



AH further search fees have been paid within the fixed time llmtt. The present European search report has 
been dratm up for all claims. 

PI ^"'y W Of me hirther search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those pans of the European patent application which relate to the Inventions In 
respect of which search fees have been paid. 

namely Claims: 

12 the further aeerch fees hss been paid within the fixed tima «mlt. The present European saerch report 

has been drawn up for those parts of the European patent application which relate to tha invention first 
memioned in the claims. 

namely Claims: 'L"'20,25, 26 



J) 



European Patent 
Office 



EP 92 11 8625 -B- 



, ] lACK OF UNITY OF INVENTION 



witfi tM raquirMMnt of unltir of 



1, Claims 1-20,25,26 : Grounding stud. 

2. Claims 21-24 : Female nut member. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
. □ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ] 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




URRED OR ILLEGIBLE TEXT OR DRAWING 



